Abstract-Heavy metals were analyzed in approximately 30,000 samples from agricultural, fisheries and livestock food sources in order to assess food safety in Korea from 2012-2014 as part of a project with Korean Ministry of Food and Drug Safety (KMFDS). This study reports the Pb, Cd, As (analyzed by ICP-MS and ICP-OES) and Hg (using gold amalgamation analysis) contents found in rice during these studies. Rice was the most widely studied food as it is a staple of the Korean diet.
I. INTRODUCTION
Persistent heavy metals such as Lead, cadmium, and inorganic arsenic are known to be carcinogenic and pose many other health risks, for example with the respiratory and nervous systems [1] . Contaminants in the environment are concentrated as they move up the food chain through bio-magnification. Therefore, it is important to assess environmental contamination in order to ensure food safety and can therefore pose an even greater risk to human health [2] . The study also showed that plants grown in a heavy metal rich environment accumulated significant amounts of heavy metals through biochemical processes and were damaged [3] .
Heavy metals also disturb plant metabolism, affecting respiration, phytosynthesis, stomate opening and plant growth [4] . Movement of heavy metals from soil to plant represents the main source of human exposure to heavy metals is Korea. Arsenic has a higher transfer rate to rice than fruits and vegetables, and it is known that increases in soil heavy metal content result in higher heavy metal concentrations in crops. Therefore, it is important to monitor environmental concentrations of heavy metals in order to assess health risks [5] . During 2012-2014, Korean Ministry of Food and Drug Safety (KMFDS) conducted a heavy metal safety assessment using approximately 30,000 samples of raw food materials in Korea from the agricultural, fisheries and livestock sectors. This study concerns the Pb, Cd, As, and Hg contents of rice, which is a major staple of the Korean diet (Fig 1) . Rice, rice seed, rice straw, rice root, the fertilizer used for cultivation and related environmental samples (soil and water) were sampled from cultivation sites in Korea for analysis. Analysis was also performed to determine changes in heavy metal 
II. MATERIALS AND METHODS

A. Materials
We chose three sites in Gangneung (north eastern region of South Korea, Fig. 2 ) where local rice plantations were formerly mining areas. This rice was cultivated in 2014. Two kilograms each of rice, rice seed, rice straw, rice root, the fertilizer used for cultivation and related environmental samples (soil and water) were collected for monitoring (Fig 3) .
Depending on the cooking method, rinsed once with water, rinsed twice with water, rinsed three times with water, 30 minutes referred to water, heating the rice for 30 minutes were monitored.
Before analysis, samples were homogenized finely in a blender and sieved with a 2 mm sieve, placed in polyethylene bags and stored in a freezer (-18 ℃ below). Soil was sampled at a depth of 15cm, air-dried, sieved (<2 mm) and stored in sealed polyethylene bags for storage before analysis.
Sampling and analytical methods used were carried out in accordance with the Republic of Korea Food Code and Standards Act. The environmental samples were referenced to USEPA. 
B. Reagents and standards
For all analyses, special grade reagents and "Millipore water" (purified to 18 MΩ , Milli Q Genesis) were used. Lead, cadmium, arsenic and mercury reference standards were purchased from Merck (Merck KGaA, Damstadt, Germany). Pretreatment was conducted with 62% nitric acid (Dong Woo Fine Chem, Co. Ltd, lkan, Korea) , 37% hydrochloric acid (Dong Woo Fine Chem, Co. Ltd, lkan, Korea) and 30% hydrogen peroxide (Electronic grade), and all glassware was PTFE material.
For the validation of the analysis method, standard reference materials Bovine Liver (NIST 1577c), Oyster tissue (NIST 1566b) and Tomato leave (NIST 1573a) were used.
All glassware was immersed for 24 hours in 10% nitric acid and then washed with distilled water before use.
C. Heavy metals analysis of environmental samples
Soil samples were dried in air, crushed by hand or a rubber mallet, and sieved to 2 mm. Reducing the soil particle size increases the acid decomposition efficiency.
Approximately 0.5~1g of homogenized sample was placed into a Teflon vessel with 7 ml 62% nitric acid and 1 ml hydrogen peroxide, and digested in a microwave digestion system (ETHOS, Milestone, Italy; TableⅠ, Fig 4) . Table Ⅱ .
TABLE Ⅱ ICP-OES & ICP-MS CONDITIONS
Mercury was analyzed using gold amalgamation with a mercury analyzer (DMA80, Milestone, Vergamo, Italy). Samples of 0.1 g were analyzed under the conditions listed in Table Ⅲ . 
D. Cooking process
Heavy metal leachates in Milli Q water were monitored after rinsing rice once, twice, three times, and soaking for 30 min. Rice was also analyzed after boiling in Milli Q water for 30 min. Analytical methods were the same as those described above.
III. RESULTS AND DISCUSSION
A. Validation
Internal quality assurance (NIST standards listed in section II B) and external quality control (performed on a periodic basis by FAPAS) were assessed by QA / QC. Table IV lists the measurement parameters for limit of detection (LOD) and limit of quantification (LOQ) considered for reference with Toxic Substance Monitoring Guidelines 2012.
The calibration curves were built on 8 different concentrations, so that concentrations of all analytes in the samples were within linear range of calibration curves. Measurements were carried out using the full quantitative analysis mode. 
B. Results
Measurement uncertainties presented in the figures were within ±3%. Measurements are summarized in Table IX . Figure 6 shows the heavy metal contents of the raw materials studied. The water showed very low levels of all heavy metals and therefore cannot be considered as a source for the rice. While both the fertilizer and soil samples had very elevated levels of Pb, Cd and As compared to the water, they were within national average levels for soil in Korea [5] . Of interest is that both As and Cd concentrations in the rice root were larger than in both the soil and fertilizer, while the Pb concentration was slightly lower. Furthermore, the heavy metal concentrations continued to decrease from root to straw to seed to rice. As rice is rinsed further, the As continues to be leached out. The data suggests that, after 2 or 3 rinses, there is little added benefit to further washing before boiling. Figure 5 shows the concentration trends during rice preparation. 
C. Conclusions
We analyzed the correlation between rice heavy metal concentrations, agricultural products and the environmental surroundings. As and Cd concentrations in the rice root were found to be several times larger than in the surrounding soil and fertilizer used, while Pb concentrations were lower. However, these concentrations were lower in the final rice grain. We also found that rinsing removed As, but there was little added benefit after 2 or 3 rinses.
